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(54) Method and apparatus for color transfer between images

(57) A method and an arrangement for color transfer
between images for compensating color differences be-
tween at least two images as a first and a second image
represented by pixel data are recommended, wherein for
corresponding feature points of the images a color map
and a geometric map are calculated for compensating a
firstimage by applying said geometric map and said color
map to the first image resulting in a compensated first
image for detecting regions where a compensation fails

by comparing the compensated first image with the sec-
ond image to perform a color transfer excluding image
regions where the compensation failed. The method can
be performed on the fly and is applicable for equalizing
color differences between images different in geometry
and color which is e.g. helpful to reduce the resulting
bitrate for transferring data, data compression or precise
disparity estimation in 3D applications as well as for an
improved color coherence of textures of 3D objects.
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Description

[0001] The invention relates to a method and an ap-
paratus for color transfer between images as e.g. images
of two cameras providing images slightly different in ge-
ometry and color.

Background

[0002] In video processing for stereo or 3D reproduc-
tion, one issue is the color difference between two or
more views of the same scene as 3D video content is
often created from two or more captured 2D videos.
These differences may result for example from physical
light effects or from cameras being not complete identical
as e.g. each camera hasits own lens, sensors and further
specific behavior. Especially in case of 3D reproduction,
it leads to disturbing effects that both pictures have a
slightly different color which may cause pain in the head
of the viewers.

[0003] Furthermore, there are several technical as-
pects for which calibrated colors of stereo images are
desired as a compensation of color differences e.g. re-
duces the required bitrate, allows a more precise dispar-
ity estimation to create or enhance 3D information or 2D
images using 3D information for view interpolation or a
detection of hidden objects.

[0004] Known methods for compensating color differ-
ences between input images can be divided into two
groups: color mapping and color transfer. Usually, two
images are processed and the goal is to describe the
color transformation that allows transforming colors of
one image into the colors of the other image of the same
scene.

[0005] In color mapping, it is assumed that geometri-
cally correspondences - so-called feature correspond-
ences - between the input images are available. A well-
known method for feature correspondences is Scale In-
variant Feature Transform, so-called SIFT. It detects cor-
responding feature points using a descriptor based on a
Difference of Gaussian, so-called DoG, in the input im-
ages. Geometrical correspondences are often not avail-
able in images or parts of images that are low textured,
for example sky, surfaces of man-made, uni-colored im-
ages.

[0006] In color transfer, geometrical correspondences
are not used and images are not required to be textured.
There is a case where precise geometrical correspond-
ences are not meaningful because the two input images
do not show the same semantic scene but are just se-
mantically close. According to a well-known color transfer
algorithm, first and second order image signal statics are
transferred from a reference image to the corresponding
target image. In order to be able to process color chan-
nels separately, an empirical, de-correlated color space
is used.

[0007] Thatmeans, when applying a known color map-
ping algorithm, if the image content in a part of the image

10

15

20

25

30

35

40

45

50

55

does not correspond to the selection criteria of the SIFT
algorithm, no colors from this part of the image will be
exploited. This is the case, for example, in low textured
parts of an image.

[0008] And, when applying a color transfer method to
images that show the same semantic scene, the preci-
sion of the calculated color transform will suffer from the
presence of image regions that have no correspondence
in the other image, respectively, as e.g. image statistics
will be influenced by such regions. This is the case or
example for stereo images where parts at the left border
of the leftimage may not be visible in the rightimage and
vice versa. Another example is images from a motion
picture scene where the camera motion is travelling type.
Here, in each image, a small part of the scene is not any
longer visible and another small part of the scene be-
comes visible but has not been before.

Summary of the Invention

[0009] Itis an aspect of the invention to provide a color
transfer for compensating color differences between at
least two images although cropping from one to another
image is present, there are image-regions that are cov-
ered or uncovered by parallax effect or image-regions
are covered or uncovered by moving objects or moving
camera. This problem is solved by a method and an ap-
paratus disclosed in independent claims. Advantageous
additional embodiments of the invention are disclosed in
respective dependent claims.

[0010] According to the invention, the contradiction is
solve, that color mapping suffers from the problem that
no colors from a part of an image will be exploited where
the image has no geometrically correspondences in the
other image, so that the image does not correspond to
the selection criteria of the SIFT algorithm and color
transfer suffers from the problem that geometrical corre-
spondences are not much meaningful if two inputimages
do not show exactly the same semantic scene but are
just semantically close and geometrical correspondenc-
es are not available.

[0011] Therefore, itis an aspect of the invention to de-
tect regions of a first image where a geometrical com-
pensation fails by comparing said firstimage to a second
geometrically compensated image and applying a color
transfer method to both images while excluding image
regions where the compensation failed. That means in
other words that it is recommended to detect regions of
a second image where a geometrical compensation fails
by comparing said second image to a first geometrically
compensated image and applying a color transfer meth-
od to both images in the course of excluding image re-
gions where the geometrical compensation failed.
[0012] According to a method of the invention, it is tak-
en advantage of a Scale Invariant Feature Transforma-
tion of said at least two images

- providing a set of corresponding feature points,
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- calculating a color mapping model capable to map
colors of the feature points in said first image to the
colors of the corresponding feature points in said
second image,

- calculating a geometric mapping model capable to
map image positions of feature points in said first
image to the image positions of the corresponding
feature points in said second image,

- compensating the first image using said geometric
mapping model and said color mapping model re-
sulting in a compensated first image,

- detecting regions where a compensation fails by
comparing said second image to said compensated
first image and

- applying a color transfer method to the first and sec-
ond image excluding image regions where the com-
pensation failed.

[0013] That means that the contradiction, that on the
one side color mapping suffers from the problem that no
colors from a part of an image will be exploited where
the image has no geometrically correspondences in the
other image, and on the other side color transfer suffers
from the problem that geometrical correspondences are
not meaningful if two inputimages do not show the same
semantic scene but are just semantically close is solved
by a suited combination of geometric and color transfer
step which without a prime calibration pattern can be per-
formed on the fly.

[0014] The method is realized by a corresponding ap-
paratus, where data representing a first and a second
image are applied to a processor for calculating a color
mapping model to map colors of said firstimage to colors
ofthe second image, for calculating a geometric mapping
model to map image positions of said firstimage to image
positions of corresponding feature points in said second
image,

for compensating the first image using said geometric
mapping and said color mapping model resulting in a
compensated image,

for detecting regions where the compensation fails by
comparing said second image to said compensated first
image and for applying a color transfer method to the two
images except image regions where the compensation
failed. According to a further embodiment of the inven-
tion, the regions where the compensation fails are de-
tected by comparing said firstimage to the compensated
second image.

[0015] Advantages of the invention are that all parts of
the image are exploited while being robust against crop-
ping, uncovered regions, covered regions and moving
objects.

[0016] Inprinciple,theinventionis suited for equalizing
color differences which is helpful for a series of applica-
tions. For example, when a stereo video sequence is
compressed, compensation of color differences between
left and right images can reduce the resulting bitrate. An-
other example is the 3D analysis of stereo sequences.
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When color differences are compensated, disparity esti-
mation can be more precise. Another example is 3D as-
sets creation for visual effects in post-production. When
color differences in a multi-view sequence are compen-
sated, extracted texture for 3D objects will have improved
color coherence.

Brief description of preferred embodiments
[0017] Exemplary embodiments of the invention are

described with reference to the accompanying drawings,
which show in:

Fig. 1 a block diagram illustrating the method and a
first embodiment of color transfer for compen-
sating color differences between at least two
images and

Fig.2  a block diagram illustrating the method and a

second embodiment of color transfer for com-
pensating color differences between at least
two images.

Detailed description of preferred embodiments

[0018] Like numerals and characters designate like el-
ements throughout the figures of the drawings.

[0019] Reference is initially directed to FIG. 1, which
generally illustrates in a block diagram the basic blocks
similar to a flow diagram illustrating the method which
may include modules, circuits or devices that can be ex-
ecuted as software or hardware as a first embodiment of
color transfer for compensating color differences be-
tween at least two images. Fig. 1 illustrates that in a first
step corresponding feature points Corrfeapoi are calcu-
lated from a first image Fi and a second image Si for a
color transfer between the first image Fi and the second
image Si for compensating color differences between at
least said two images. This can e.g. be performed by
applying a so-called SIFT algorithm as it is well known
and e.g. has been disclosed by Hasan Sheikh Faridul et
al., Optimization of Sparse Color Correspondences for
Color Mapping, Color and Imaging Conference, Novem-
ber 12 - November 16, 2012, Los Angeles. In a second
step, a color mapping method based on gain, offset and
gamma and a projective geometric mapping model are
applied in parallel to feature point correspondences pro-
vided by said calculation of corresponding feature points
Corrfeapoi.

[0020] Color mapping methods based on gain, offset
and gamma are well known and for an experimental em-
bodiment a so-called GOG has been used and estimated
from the corresponding feature points as disclosed by
Hasan Sheikh Faridul et al.. GOG represents the abbre-
viation for Gain, Offset and Gamma as used for a calcu-
lation of a color map Cacm of said corresponding feature
points Corrfeapoi.

[0021] The well-known projective geometric mapping
model is chosen for a calculation of a geometric map
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Cagm of said corresponding feature points Corrfeapoi.
Six parameters are estimated from feature point corre-
spondences using an iterative optimization procedure as
e.g. published by Richard J. Radke et al., Efficiently Es-
timating Projective Transformations, in the Proceedings
of the IEEE International Conference on Image Process-
ing, Vancouver, Canada, September 2000.

[0022] According to a first embodiment illustrated in
Fig. 1, the first image Fi is compensated to a compen-
sated firstimage CompFi by a calculation of a color map
Cacm as mentioned above and then the first image Fi is
geometrically mapped using a projective mapping model.
For each pixel of the second image, the corresponding
geometric position in the first image is determined using
the projective mapping model. The corresponding geo-
metric position is usually not the position of a pixel of the
first image but is an intermediate position inbetween the
integer positions of the pixels. A trilinear interpolation is
used to relate to the integer pixel positions. Trilinear in-
terpolation is a method of multivariate interpolation on a
regular grid. It approximates the color coordinates of the
intermediate position within a local triangle of three inte-
ger pixel positions linearly, using the color coordinates
of the integer grid of pixels. In well-known trilinear inter-
polation, barycentric coordinates are calculated that pro-
vide straight forward the interpolated color coordinates
of the intermediate position. In a following step for de-
tecting regions with compensation failure Regcompfail,
the compensated firstimage CompFi is analysed for re-
gions where the compensation fails. This step is per-
formed by calculating pixel-wise absolute difference be-
tween the second image Si and said compensated first
image CompFi and applying a predetermined threshold
to said absolute differences in order to detect pixels hav-
ing a compensation failure. In addition, morphological
blowing and shrinking operators, respectively, are ap-
plied to obtain smoothly shaped image regions with a
compensation failure. Finally, a color transfer method as
e.g. disclosed by E. Reinhard, M. Ashikhmin, B. Gooch,
P. Shirley, Color Transfer between Images, in IEEE Com-
puter Graphics and Applications, special issue on Ap-
plied Perception, Vol. 21, No. 5, pp 34-41, September -
October 2001 is used while excluding image regions of
compensation failure from calculation for color transfer.
Therefore, pixel data of the first image Fi, pixel data of
the second image Si and the result of said detecting re-
gions with compensation failure Regcompfail are com-
bined in a color transfer Coltrans block by applying a
color transfer method as e.g. mentioned above for pro-
viding a color transfer model Ctm. Said pixel data of an
image which represent an image are in general provided
as image files, so that they can be used for calculating
corresponding feature points Corrfeapoi and applying a
color transfer method.

[0023] A second embodiment of the invention is illus-
trated in Fig.2 where the principle inherent in the method
is realized by generating a compensated second image
CompSI for detecting regions with compensation failure
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Regcompfail. The compensated second image CompSlI
is generated by calculation means for calculating corre-
sponding feature points Corrfeapoi from pixel data of the
first image Fi and the second image Si and calculation
means for a calculation of a color map Cacm and a cal-
culation of a geometric map Cagm of said corresponding
feature points Corrfeapoi which in the means for provid-
ing the compensated second image CompSI are com-
bined with the pixel data of the second image Si for pro-
viding data of a compensated second image CompSiI.
The data of the compensated second image CompSl are
applied to a calculating means for detecting regions with
compensation failure Regcompfail to which therefore al-
so the pixel data of the first image Fi are applied. Finally,
a color transfer Coltrans block is connected with the out-
put of the means for detecting regions with compensation
failure Regcompfail for a color transfer between pixel da-
ta of the firstimage Fi and pixel data of the second image
Siase.g.images of two cameras providingimages slight-
ly different in geometry and color. A color transfer model
Ctm is then provided at the output of the color transfer
Coltrans block applying a color transfer method to the
first image Fi and the second image Si by taking into
account regions with compensation failure.

[0024] In case that color transfer between more than
twoimages-i.e. an n-tuple ofimages - shall be performed
the first n-1 images are compensated to n-1 compensat-
ed images by a calculation of n-1 color maps as men-
tioned above and then the first n-1 images are geomet-
rically mapped using n-1 projective mapping models. For
each pixel of each of the last image, the corresponding
geometric position in the first n-1 images is determined
using the projective mapping models and a trilinear in-
terpolation as described. In a following step for detecting
regions with compensation failure, the compensated first
n-1images are analysed for regions where the compen-
sation fails, such as described. Finally, n-1 color transfer
methods are used to transfer colors from each of the n-
1 first images to the last image, respectively, such as
described above.

[0025] In case of several firstimages and several sec-
ond images the method shall be performed in the follow-
ing way. First, the several firstimages are combined - for
example by patching them together - into a new, larger
firstimage. Second, the several second images are com-
bined - for example by patching them together - into a
new, larger second image. Then, the invented method is
applied to the new firstimage and the new second image.
[0026] Advantageously, according to the recommend-
ed color transfer all parts of the images are exploited, so
that the method is robust against cropping, uncovered
regions, covered regions and moving objects. Further-
more, color calibration can be performed without a prime
calibration pattern and can be performed on the fly.
[0027] As shown in Fig. 1 and Fig. 2, the blocks in the
diagrams may include modules, circuits or devices that
can be executed as software or hardware. According to
a further embodiment of the invention an image proces-
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sor is provided to execute one of the methods illustrated
above.

[0028] The invention is applicable for equalizing color
differences between images different in geometry and
color which is e.g. helpful to reduce the resulting bitrate
for transferring data or data compression or a precise
disparity estimation in 3D applications as well as an im-
proved color coherence of textures of 3D objects.
[0029] Although theinvention has been shown and de-
scribed with respect to two specificembodiments thereof,
it should be understood by those skilled in the art that
the foregoing and various other changes, omissions and
additions in the form and detail thereof may be made
therein without departing from the spirit and scope of the
claims.

Claims

1. Method for color transfer (Coltrans) between images
for compensating color differences between at least
two images represented by pixel data characterised
by:

- generating corresponding feature points (Cor-
rfeapoi) from said at least two images,

- calculating a color map (Cacm) capable to
map colors of the feature points in a first
image (Fi) to the colors of the corresponding
feature points in a second image (Si) of said
at least two images,

- calculating a geometric map (Cagm) ca-
pable to map image positions of feature
points in said first image (Fi) to the image
positions of the corresponding feature
points in said second image (Si),

- compensating the first image (Fi) using
said geometric map (Cagm) and said color
map (Cacm) resulting in a compensated
first image (CompFi) or compensating the
second image (Si) using said geometric
map (Cagm) and said color map (Cacm) re-
sulting in a compensated second image
(CompSi),

- detecting regions where a compensation fails
by comparing said second image (Si) to said
compensated firstimage (CompFi) or detecting
regions where a compensation fails by compar-
ing said first image (Fi) to said compensated
second image and

- applying a color transfer (Coltrans) method
to the first (Fi) and second image (Si) ex-
cluding image regions where the compen-
sation failed.
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2,

10.

The method according to claim 1, wherein the cor-
responding feature points (Corrfeapoi) of the images
are generated by a Scale Invariant Feature Trans-
formation based on a Difference of Gaussian in the
input images as at least the first image (Fi) and the
second image (Si).

The method according to claim 1, wherein the color
map (Cacm) is calculated by a applying a color map-
ping method to the corresponding feature points
(Corrfeapoi) based on gain, offset and gamma.

The method according to claim 1, wherein the geo-
metric map (Cagm) is calculated by an iterative op-
timization procedure of a projective geometric map-
ping model.

The method according to claim 1, wherein the first
image (Fi) is compensated to a compensated first
image (CompFi) by a calculation of a color map
(Cacm) and then the first image (Fi) is geometrically
mapped using a projective mapping model.

The method according to claim 1, wherein the sec-
ond image (Si) is compensated to a compensated
second image (CompSi) by a calculation of a color
map (Cacm) and then the second image (Si) is ge-
ometrically mapped using a projective mapping
model.

The method according to claim 1, wherein the de-
tection of regions with compensation failure (Reg-
compfail) is performed by calculating pixel-wise ab-
solute difference between the second image (Si) and
said compensated firstimage (CompFi) or by calcu-
lating pixel-wise absolute difference between the
firstimage (Fi) and said compensated second image
(CompSi) and applying a predetermined threshold
to said absolute differences in order to detect pixels
having a compensation failure.

The method according to claim 1, wherein the color
transfer (Coltrans) method excluding image regions
where the compensation failed is applied to the first
(Fi) and second image (Si) for providing a color-
transfer-model (Ctm).

Apparatus for color transfer (Coltrans) between im-
ages for compensating color differences between at
least two images represented by pixel data wherein
an image processor is provided to execute one of
the methods according to one of the claims 1 to 8.

The apparatus according to claim 9 comprising a
calculator for calculating from pixel data a color map
(Cacm) to map colors of a first image (Fi) to colors
of a second image (Si) of said at least two images
and for calculating a geometric map (Cagm) to map



9 EP 2 741 502 A1

image positions of said first image (Fi) to image po-
sitions of corresponding feature points (Corrfeapoi)
in said second image (Si) to provide pixel data of a
compensated image (CompFi or CompSi) for calcu-
lating pixel-wise absolute difference between the
second image (Si) and said compensated firstimage
(CompFi) or between the first image (Fi) and said
compensated second image (CompSi) and applying
a predetermined threshold to said absolute differ-
ences in order to exclude pixel regions with compen-
sation failure (Regcompfail) form a color transfer
(Coltrans) between said images.
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